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JRLQJRQ WR UHFRJQL]H WKH LULV DW DGLVWDQFHPRUH WKDQPHWHU FDOOHGDV/RQJ5DJH ,ULV5HFRJQLWLRQ7KHPDMRU





7KHVH SUREOHPV FDQ EH RYHUFRPH E\ XVLQJ 6XSHUUHVROXWLRQ WHFKQLTXH  ZKLFK HQKDQFHV WKH UHVROXWLRQ E\
UHFRQVWUXFWLQJ ORVW KLJK IUHTXHQF\ LQIRUPDWLRQ 7KH VKRUW UDQJH FDSWXUHG LULV LPDJHV DUH XVHG WR DQDO\VHV WKH




6HFWLRQGLVFXVVHV WKH OLWHUDWXUH VXUYH\7KH VXSHUUHVROXWLRQ DOJRULWKP ,WHUDWHG%DFN3URMHFWLRQ DQG5REXVW
DOJRULWKPVDUHGLVFXVVHGLQVHFWLRQ7KHUHVXOWDQGFRQFOXVLRQDUHGLVFXVVHGLQVHFWLRQDQG






UHVROXWLRQ YLGHR IUDPHV LQ UHWLQDO IXQGXV LPDJLQJ DUH XVHG WR UHFRQVWUXFW KLJKUHVROXWLRQ IXQGXV LPDJHV & 7
'DQJSURSRVHGDQRYHODSSURDFKLQZKLFKVLQJOHLPDJHUHFRQVWUXFWLRQLVEDVHGRQOLQHDUGLYHUVHDSSUR[LPDWLRQRI
WKHKLJKUHVROXWLRQLPDJHSDWFKVSDFH
3. Super-Resolution Algorithms 








WKDW WUDQVIRUPV WKH NWK /5 LPDJH RQWR WKH+5 LPDJH ODWWLFH DQG1N LV WKH QRLVH LQ WKH NWK /5 LPDJH7KH /5
LPDJHVDQG+5LPDJH FRQVLVWVRI DQG SL[HOVUHVSHFWLYHO\ZKHUHWKHLQWHJHU LVWKHIDFWRURIHQKDQFH
LQ UHVROXWLRQ DQG DUH DUUDQJHG DV DQG YHFWRUV UHVSHFWLYHO\7KH HIIHFWV RI EOXUULQJZDUSLQJ 




LPDJHV XVLQJ SULRU LQIRUPDWLRQ DERXW ZDUSLQJPDWUL[ JHQHUDWHG E\ WKHPRWLRQ YHFWRU  DQG  ,ULV
LPDJHUHVROXWLRQLVHQKDQFHGE\XVLQJ,WHUDWHG%DFN3URMHFWLRQDQGPHGLDQHVWLPDWRUVDOJRULWKPVDUHGLVFXVVHGDV
EHORZ
3.1 Iterated Back Projection
7KHLWHUDWHGEDFNSURMHFWLRQDOJRULWKPLVGLVFXVVHGDVEHORZ
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7KH +5 LPDJH LV HVWLPDWHG E\ EDFN SURMHFWLQJ WKH GLIIHUHQFH EHWZHHQ VLPXODWHG /5 LPDJHV DQG WKH
REVHUYHG/5LPDJHV ,QLWLDOO\ WKH/5LQSXWLPDJHVDUHXVHGWRJHQHUDWHWKH+5LPDJHE\GHFLPDWLQJWKH
SL[HOV
'XULQJ LWHUDWLRQ WKH KLJK UHVROXWLRQ DSSUR[LPDWLRQ LV UHVDPSOHG LQ WKH JULGV RI WKH LQSXW LPDJHV 7KH
GLIIHUHQFHHUURUEHWZHHQWKHLQSXWLPDJHDQGUHVDPSOHGLPDJHSURMHFWHGEDFNWRWKHKLJKUHVROXWLRQJULG
&KHFNWKHHQHUJ\RIWKHHUURU
5HSHDWDERYHVWHSV LWHUDWLYHO\XQWLO WKHHQHUJ\RI WKHHUURU LVPLQLPXPRUXQWLO WKHPD[LPXPQXPEHURI
DOORZHGLWHUDWLRQLVUHDFKHG
7KH GRZQVDPSOLQJ SURFHGXUH GHFUHDVHV WKH VDPSOLQJ IUHTXHQF\ ZKLFK JHQHUDWHV GLVWRUWLRQ LQ KLJK
IUHTXHQF\ FRPSRQHQWV DQG WKH DOLDVLQJ SUREOHP7R RYHUFRPH WKLV+5 LPDJH LV ILOWHUHGXVLQJ*DXVVLDQ
ILOWHU
7KLVPHWKRGLVH[SUHVVHGPDWKHPDWLFDOO\DVEHORZ















3.3  GLCM Feature Extraction 
7H[WXUH FDQ EH FRQVLGHUHG D VXUIDFH SURSHUW\ RI HYHU\ REMHFW ,W FDQ EH FRQVLGHUHG DV ³RUJDQL]HG DUHD
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Mean Square Error (MSE) 
0HDQ VTXDUHG HUURU 06( PHDVXUHV WKH DYHUDJH RI WKH VTXDUHV HUURUV EHWZHHQ RULJLQDO LPDJH , DQG
UHFRQVWUXFWHGLPDJH.
  
Peak Signal to Noise Ratio  
3615LVORJDULWKPLFUDWLRRIPD[LPXPSRVVLEOHSL[HOYDOXHRIWKHLPDJHWR06(
  
Normalized Correlation (NC) 
7KH FRUUHODWLRQ IXQFWLRQ TXDQWLILHV FORVHQHVV EHWZHHQ WZR LPDJHV DQG LW FDQ EH FDOFXODWHG E\ XVLQJ
HTXDWLRQ
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  
Maximum Difference (MD) 
 
Normalized Absolute Error (NAE) 
7KLVPHDVXUHVWKHGLVWDQFHEHWZHHQRULJLQDOLPDJHDQGUHFRQVWUXFWHGLPDJH
  
4.   Result 
7KHUHVROXWLRQRILULVLPDJHLVHQKDQFHGE\XVLQJWZRGLIIHUHQWVXSHUUHVROXWLRQDOJRULWKPVYL],%3DQG0HGLDQ
EDVHGHVWLPDWRUV 5REXVW&$6,$ LULV LPDJHGDWDEDVH LVXVHG WR DQDO\VH WKHSHUIRUPDQFHRI DERYH LPSOHPHQWHG






Fig.1. Result of Iris Image No.1 
7KH*/&0IHDWXUHVRILULVLPDJHQRDUHDVVKRZQLQ7DEOH
Table 1. Comparison of GLCM features original image and super-resolute image 
*/&0)HDWXUHV 2ULJLQDO ,%3 ,%3B(UURU 5REXVW 5REXVWB(UURU
$XWRFRUUHODWLRQ     
&RQWUDVW     
&RUUHODWLRQ     
(QHUJ\     
(QWURS\     
+RPRJHQHLW\     

7KH ,%3B(UURU LV WKH GLIIHUHQFH EHWZHHQ IHDWXUHV RI RULJLQDO LPDJH DQG UHVROXWLRQ HQKDQFHG LPDJHV XVLQJ ,%3
DOJRULWKP6LPLODUO\WKH5REXVWB(UURULVWKHGLIIHUHQFHEHWZHHQIHDWXUHVRIRULJLQDOLPDJHDQGUHVROXWLRQHQKDQFHG
LPDJHVXVLQJUREXVWDOJRULWKP7KHLPDJHTXDOLW\PHDVXUHVRIUHFRQVWUXFWHGLULVLPDJHQRLVDVVKRZQLQ7DEOH














Fig.3. Result of Iris image No.2 
7KH*/&0IHDWXUHVRILULVLPDJHQRDUHDVVKRZQLQ7DEOH

Table 3. Comparison of GLCM features original image and super-resolute image 
*/&0)HDWXUHV 2ULJLQDO ,%3 ,%3B(UURU 5REXVW 5REXVWB(UURU
$XWRFRUUHODWLRQ     
&RQWUDVW     
&RUUHODWLRQ     
(QHUJ\     
(QWURS\     
+RPRJHQHLW\     

,PDJHTXDOLW\PHDVXUHVRILULVQRLVVKRZQLQ7DEOH











PHWKRGV GR QRW PXFK DIIHFW WKH LULV VWUXFWXUH ,W KDV EHHQ REVHUYHG WKDW WKH HQHUJ\ RI UHFRQVWUXFWHG LPDJHV LV
LQYHUVHO\ FRUUHODWHG WR HQWURS\ 7KH UHFRQVWUXFWHG LPDJH SL[HOV XVLQJ ,%3 PHWKRG KDYH EHWWHU JUD\ OHYHO OLQHDU
GHSHQGHQFHFRPSDUHG WR WKDWRIXVLQJUREXVW 7KHFRQWUDVWDQGKRPRJHQHLW\DUH LQYHUVHO\FRUUHODWHG LQ WHUPVRI
HTXLYDOHQWGLVWULEXWLRQLQWKHSL[HOSDLUVSRSXODWLRQ7KHKRPRJHQHLW\LVGHFUHDVLQJDVLQFUHDVHLQFRQWUDVW
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5. Conclusion and future work 
7KH LPSOHPHQWDWLRQ DQGSHUIRUPDQFH DQDO\VHV RI ,%3 DQG UREXVW VXSHUUHVROXWLRQ DOJRULWKPV DUH GLVFXVVHG LQ
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